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Brief Report

Musculoskeletal Symptoms and Associated Risk
Factors in a Large Sample of Chinese Workers in

Henan Province of China

Shanfa Yu, MD, PhD,1 Ming-Lun Lu, PhD,2� Guizhen Gu, MD,1 Wenhui Zhou, MD,1

Lihua He, MD, PhD,3 and Sheng Wang, MD, PhD
3

Objective To investigate the one-year prevalence of musculoskeletal symptoms and
associated risk factors in a large sample of Chinese workers in various industrial
settings.
Methods A total of 5,338 (3,632 males and 1,706 females) workers from 13 compa-
nies participated in this study. Musculoskeletal symptoms in different body regions in
the previous year and their risk factors were assessed by a self-reported questionnaire.
Logistic regression analyses were performed to estimate the individual, work-related
physical and psychosocial risk factors for the musculoskeletal symptoms.
Results The most commonly affected body regions among the workers were lower
back (59.7%), neck (48.6%), shoulders (38.8%), and wrists (33.5%). Female workers
had greater prevalence of musculoskeletal symptoms in the neck, shoulders, and wrists
than male workers. Results of multivariate analyses indicated that individual, work-
related physical and psychosocial factors were associated with the musculoskeletal
symptoms.
Conclusion The results suggest that interventions aimed at reducing musculoskeletal
symptoms in the Chinese working population should take into account multiple risk
areas including individual, physical job characteristics and work-related psychosocial
factors. Am. J. Ind. Med. 55:281–293, 2012. � 2011 Wiley Periodicals, Inc.
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INTRODUCTION

Work-related musculoskeletal disorders (WMSDs) are

a major health problem and an economic burden in many

industrialized nations [Coyte et al., 1998; Cassou et al.,

2002; Thienoff, 2002; Liberty Mutual Research Institute

for Safety, 2009; United States Bureau of Labor Statistics,

2009]. In China, WMSDs are not included as part of the

workers’ compensation system. Therefore, little attention

has been devoted to Chinese workers for this health prob-

lem found in many industrialized nations. A small number

of researchers reported the prevalence of WMSDs in
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China [Jin et al., 2004; Smith et al., 2004; Chen et al.,

2005]. However, generalizability of these study results is

limited due to a small sample size (N ¼ 282–561) for a

limited number of specific occupations (N ¼ 1–3). There

is a need to further investigate the scope of the WMSD

problem in China with different industrial settings or

occupations, as the problem may become a serious work-

place concern indicated by the previous studies.

In a recent review of 63 selected longitudinal studies

on WMSDs, physical work, smoking, excess body weight,

psychosocial work demands, and co-morbidities were

found to have strong evidence associated with the devel-

opment of WMSDs [da Costa and Vieira, 2010]. The

results agree with the findings from two earlier major

reviews on WMSDs [NIOSH, 1997; NAS, 2001]. To in-

vestigate WMSDs in a large sample of Chinese working

population in different industrial settings, a cross-sectional

study was conducted to collect comprehensive information

about individual and job conditions in relation to musculo-

skeletal symptoms in China. It was hypothesized that

musculoskeletal symptoms in Chinese workers were asso-

ciated with individual, work-related physical and psycho-

social risk factors.

METHODS

Subjects

The study was conducted in Henan province, the most

populated province (population ¼ �100 million) in China.

Workers on the payroll of each participating company

were recruited. Of 6,711 recruited workers, 5,909 (88%)

agreed to participate in the study. The participants re-

ceived a standardized questionnaire in their workplaces

and were given 45 min to complete it. A portion (9.6%) of

the participants with greater than or equal to three missing

responses to the questions on a questionnaire scale was

excluded from the data analysis, resulting in the final

questionnaire response rate of 79.6% [Yu et al., 2000;

Ahola and Hakanen, 2007]. The questionnaire consisted of

four parts: (1) Demographic and job information, (2) mus-

culoskeletal symptoms, (3) physical job characteristics,

and (4) work-related psychosocial factors. Reported symp-

toms were limited to the past 12 months. Data were col-

lected anonymously between November 2008 and

June 2009. The study protocol was approved by the Medi-

cal Ethics Committee of the Henan Provincial Institute of

Occupational Health. The demographics and job informa-

tion of the participants are shown in Table I.

Surveys of Musculoskeletal Symptoms

Musculoskeletal symptoms were assessed by a

questionnaire adapted from the Dutch musculoskeletal

questionnaire [Hildebrandt et al., 2001]. The reliability

and validity of the questionnaire has been established in

a previous study [Yang et al., 2009]. The surveyed

symptoms in this study included pain and discomfort.

Discomfort was explained to participants as being any

unpleasant subjective sensation including numbness,

soreness, and/or any limitation of physical activity. Partic-

ipants who responded to the following question were

considered to have a musculoskeletal symptom in a

specific body region (the neck, shoulders, wrists/hands,

elbows, low back, hip, knees, or ankles/feet): ‘‘Did you

have pain and discomfort in the body region lasting more

than 24 hr in the past 12 months?’’ A diagram for the

different body regions was provided to assist the partici-

pants in accurately identifying their pain/discomfort in the

regions. The answer to each question was dichotomous

(yes/no).

Evaluation of Individual Factors

Individual factors evaluated in the study included

eight items: (1) Gender, (2) age (four categories: �24, 25–

30, 31–40, and �41 years), (3) length of employment

(four categories: �5, 6–15, 16–20, and �21 years), (4)

education level (four categories: Elementary school, junior

high school, high school, and college/university); (5) job

title (four categories: Production worker, assistant worker,

technician, or manager), (6) cigarette smoking (yes, no),

(7) alcohol dinking (yes, no), and (8) body mass index

(BMI) (underweight: BMI < 18.5 kg/m2; normal: 18.5 �
BMI < 24 kg/m2; overweight: 24 kg/m2 � BMI < 28 kg/

m2; and obesity: BMI � 28 kg/m2), as recommended by

the Ministry of Health of The People’s Republic of China

in 2009.

Two broad ‘‘mood state’’ variables—affectivity and

depression—were evaluated in the study [Watson and

Clark, 1988]. Both positive effect and negative effect were

measured by five questions, respectively [Bradburn, 1969].

The answer (yes, no) to each question was provided and

the total score of the answers (yes: 1; no: 0) to the five

questions was calculated [Bradburn, 1969; Yu et al.,

2000]. An example of the question items for negative

effect is ‘‘During the past few weeks, did you ever feel

upset because someone criticized you?’’ An example of

the question items for positive affect is ‘‘During the past

few weeks, did you feel proud that someone praised what

you had done?’’ Cronbach’s alphas of the scores for posi-

tive and negative affect variables were 0.81 and 0.80,

respectively.

Depression was measured with the Chinese version of

the Center for Epidemiological Studies Depression (CES-

D) Scale [Radloff, 1977]. The CES-D consists of 20 items,

and all items were answered on a scale of four options

ranging from 0 (never), 1–2 days per week, 3–4 days per
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week, and 5–7 days per week. An example of the ques-

tions is ‘‘In the past week, did you feel like a failure?’’

This scale has been used extensively in China since the

1980s [Zhang et al., 1987]. The Cronbach’s a of the CES-

D for the study population was 0.85.

Evaluation of Physical Job
Characteristics

The same Dutch musculoskeletal questionnaire was

adapted to assess physical job characteristics [Hildebrandt

TABLE I. Demographics and Job Information of Study Participants (N ¼ 5,338)

Variables

Male Female Total

n % n % n %

3632 68.0 1706 32.0 5338 100
Educational level
Elementary 30 0.8 15 0.9 45 0.8
Juniorhighschool 720 19.8 378 22.2 1098 20.6
Highschool 2071 57.0 930 54.5 3001 56.2
Collegeoruniversity 811 22.3 383 22.5 1194 22.4

Job title
Productionworker 3164 87.1 1366 80.1 4530 84.9
Assistantworker 161 4.4 104 6.1 265 5.0
Technician 218 6.0 161 9.4 379 7.1
Manager 89 2.4 75 4.4 164 3.1

Age
�24 806 22.2 279 16.4 1085 20.3
25^30 790 21.7 238 14.0 1028 19.3
31̂ 40 1298 35.7 695 40.7 1993 37.3
�41 738 20.3 494 29.0 1232 23.1

Cigarette smoking
Yes 1935 53.3 35 2.1 1970 36.9
No 1697 46.7 1671 97.9 3368 63.1

Alcohol drinking
Yes 2062 56.8 80 4.7 2142 40.1
No 1570 43.2 1626 95.3 3196 59.9

BMI
Normal 2138 58.9 1219 71.5 3357 62.9
Underweight 140 3.9 174 10.2 314 5.9
Overweight 1145 31.5 273 16.0 1418 26.6
Obesity 209 5.8 40 2.3 249 4.7

Studysite
Public transportationservice company 61 1.7 143 8.4 204 3.8
Diamondproductionplant 220 6.1 54 3.2 274 5.1
Diesel engineplant 550 15.1 221 13.0 771 14.4
Aluminumproductionplant 400 11.0 5 0.3 405 7.6
Chemical fiberproduction factory 187 5.1 148 8.7 335 6.3
Batteryproductionplant 115 3.2 149 8.7 264 4.9
Electrical equipmentplant 1236 34.1 536 31.3 1772 33.3
Environmental equipment factory 154 4.2 55 3.2 209 3.9
Oil equipment factory 129 3.6 71 4.2 200 3.7
Garmentproductionplant 63 1.7 113 6.6 176 3.3
Mechanical equipment fabricationplant 251 6.9 78 4.6 329 6.2
Refractoryplant 152 4.2 66 3.9 218 4.1
Chemical plant 114 3.1 67 3.9 181 3.4

Musculoskeletal Symptoms and Associated Risk Factors 283



et al., 2001]. Physical job demands were assessed accord-

ing to questions grouped by awkward posture, repetitive

motion, manual materials handling, and force exertion.

Questions in the awkward posture group included trunk

flexion, trunk twisting, arms above shoulders, prolonged

working posture (standing, sitting, walking, squatting,

kneeling), prolonged neck bending forward or twisting,

prolonged bent wrists, prolonged holding objects, and

pinch grip. Questions in the repetitive motion group were

asked to assess presence of repetitive motion of arms/

hands or trunk per minute. Manual materials handling

group included lifting, pushing/pulling and carrying activi-

ties for weights greater than 5 kg. Excessive force exertion

was assessed by questions about lifting, pushing/pulling

and carrying activities >20 kg and additional questions

about sudden excessive exertions for operating equipment.

Two questions about driving vehicles and using vibrating

tools were also asked. The answer to each question was

dichotomous (yes/no). Additionally, participants’ per-

ceived physical demands were measured with five question

items by the Job Content Questionnaire (JCQ) [Karasek

et al., 1985, 1998]. The Cronbach’s a coefficient for per-

ceived physical demands was 0.77 [Yu et al., 2008].

Evaluation of Work-Related Psychosocial
Characteristics

Psychological demands, job control, and the social

support dimensions of the job strain model, based on the

JCQ, were used in this study [Karasek et al., 1985, 1998].

The reliability and validity of the Chinese version of the

job strain model has been established in a previous study

[Yu et al., 2008]. Psychological demands were measured

with nine items. Job control was assessed by 10 items and

social support was assessed by 11 items. The Cronbach’s

a coefficients for psychological demands, job control,

supervisor social support, and coworker social support

scales in the study population were 0.60, 0.70, 0.62, and

0.65, respectively.

The questionnaire modeling the effort–reward imbal-

ance (ERI) was also used in this study [Siegrist et al.,

2004]. The reliability and validity of the Chinese version

of this questionnaire has been established and reported

elsewhere [Yu et al., 2008]. The questionnaire consisted of

the following three scales: Extrinsic efforts (six items),

occupational rewards (11 items), and over-commitment

(six items). Extrinsic efforts were evaluated by measuring

the psychosocial workload, occupational rewards focusing

on the worker’s financial status (i.e., salary), self-esteem,

and career opportunity (e.g., promotion prospects and job

security). Over-commitment as an individual (intrinsic)

component was defined as a set of attitudes, behaviors,

and emotions reflecting excessive striving along with a

strong desire for approval and esteem. Cronbach’s a for

the effort, reward, and over-commitment scales were 0.78,

0.58, and 0.64, respectively.

Job satisfaction was investigated using the 12 items in

the Occupational Stress Indicator related to the job itself,

achievement, organizational design and structure, organi-

zational processes, and individual relationships [Cooper

et al., 1988; Yu et al., 2000]. The answers to the questions

were summed to give a ‘‘total job satisfaction’’ score with

a Cronbach’s a of 0.93.

Data Analysis

The questionnaire data were coded and verified by

two researchers by a double data entry method. A descrip-

tive analysis of the prevalence of musculoskeletal symp-

toms was performed. All the psychosocial factor scores

were calculated for all the participants who had no more

than three missing values per scale. The missing values of

a participant were replaced by the mean of the existing

values of other participants on the same scale [Yu et al.,

2000; Ahola and Hakanen, 2007].

Logistic regression analyses were performed to esti-

mate the associations between risk factors and musculo-

skeletal symptoms. The risk factors included individual,

physical, and psychosocial characteristics. The psychoso-

cial variables were dichotomized by the median value [Yu

et al., 2008]. Univariate and multivariate analyses were

carried out for each body region. Statistically significant

(P < 10%) factors in the univariate analysis were included

in the multivariate stepwise procedure to form the final

model. The significance level at which variables were

removed from the final model was set at 5%. A variable

was not removed if removal of this variable changed the

effect measure significantly. Adjusted odds ratios (ORs)

and 95% confidence intervals (95% CIs) in the final model

were estimated for each significant variable. Because sig-

nificant differences in the neck, shoulder, and wrist symp-

toms between the male and female workers were found,

analyses for the three body regions were stratified by gen-

der. All the analyses were performed using SPSS 13.0

(SPSS, Inc., Chicago, IL).

RESULTS

Table II presents the 1-year cumulative prevalence of

musculoskeletal symptoms by body region and gender.

Tables III–V present the gender-specific risk estimates for

the statistically significant variables in the final regression

model for symptoms in the neck, shoulders, and wrists.

Due to absence of a statistically significant difference

between genders, Tables VI and VII show the gender-

pooled risk estimates for the variables in the final models

for symptoms in the elbow, low back, hips, knees, and

ankles/feet.
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TABLE II. One-Year Cumulative Prevalence ofMusculoskeletal Symptoms in ChineseWorkers (n ¼ 5,338)

Body region

Symptoms

Male Female Total

n % n % n %

Lowback 2147 59.1 1039 60.9 3186 59.7
Neck 1611 44.4� 985 57.7� 2596 48.6
Shoulders 1236 34.0� 837 49.1� 2073 38.8
Wrists 1169 32.2� 620 36.3� 1789 33.5
Ankles/feet 985 27.1 456 26.7 1441 27.0
Knees 913 25.1 448 26.3 1361 25.5
Hips 541 14.9 290 17.0 831 15.6
Elbows 543 15.0 266 15.6 809 15.2

�P < 0.01 (Chi-square test).

TABLE III. Results ofAdjusted Odds Ratios (95% CI) of Risk Factors for1-Year Cumulative Prevalence of Neck
Symptoms (N ¼ 5,338)

Risk factors Men (N ¼ 3,632) Women (N ¼ 1,706)

Personal factors
Age
�24 1 1
31̂ 40 1.54(1.31̂ 1.81)� 2.51(1.93^3.26)�
�41 1.83(1.51̂ 2.22)� 2.92(2.19^3.90)�

Educational level
Elementaryor junior highschool 1 1
Highschool 1.44(1.19^1.74)� �
Collegeoruniversity 1.46(1.15^1.85)� 1.36(1.04^1.79)��

Job title
Worker 1 �
Assistantworker 1.48(1.06^2.05)�� �

Smoking 1.18(1.02^1.37)�� �
Negativeaffectivity (reference:Lowscore) 1.23(1.05^1.44)�� �
Positiveaffectivity (reference:Highscore) 1.27(1.09^1.48)� 1.45(1.14^1.83)�
Depressivesymptoms 1.23(1.05^1.48)� 1.30(1.03^1.63)��

Physical jobcharacteristics
Prolongedsitting 1.56(1.29^1.88)� 1.73(1.36^2.20)�
Prolongedneckbending forward 2.17(1.86^2.53)� 2.56(2.02^3.24)�
Prolongedneck twisting 1.77(1.51̂ 2.09)� 1.67(1.30^2.10)�

Psychosocial factors
Jobdemands 1.21(1.03^1.42)�� 1.44(1.11̂ 1.86)�
Effort 1.56(1.33^1.83)� 1.52(1.18^1.97)�
Over-commitment � 1.44(1.14^1.82)�
Jobdissatisfaction � 1.34(1.06^1.70)��

�:No significance.�P < 0.01.��P < 0.05.
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Regarding individual factors, two age groups from 31

to 40 and �40 years were associated with the musculo-

skeletal symptoms in the neck, shoulders, elbows, low

back, hips, and knees. Education level of high school or

above (college, or university) was associated with the

neck symptoms in both genders and the shoulder symp-

toms in women. Smoking was related to the neck symp-

toms in men with a relative low OR of 1.18. Increased

BMI values were linked to increased reporting of muscu-

loskeletal symptoms in the knees and ankles/feet in both

genders and the wrists in women. Positive affect was sta-

tistically significantly associated with the neck symptoms

in both genders and the shoulder symptoms in women

with moderate ORs ranging from 1.2 to 1.45. Negative

affect was statistically significantly linked to the symp-

toms in most body regions, except the neck and shoulders

in women and wrists in both genders. Statistically signifi-

cant associations between depressive symptoms and mus-

culoskeletal symptoms were found present in all body

regions.

Many physical risk factors were found to be statisti-

cally significant risk estimates (ORs between 1 and 3) for

musculoskeletal symptoms. The neck and shoulder symp-

toms were statistically significantly associated with pro-

longed sitting, neck bending forward, and neck twisting;

while shoulder symptoms were statistically significantly

associated with two additional physical risk factors includ-

ing working with hands above shoulders and working in

awkward hand posture. Using vibrating tools, pinch grip,

repetitive hand movements, and prolonged awkward wrist

postures were statistically significantly linked to the wrist

symptoms. Using vibrating tools and exerting excessive

forces with arms and hands were the two statistically

significant physical risk factors for the elbow symptoms.

Excessive force exertions, lifting in awkward posture,

carrying heavy loads >20 kg, trunk twisting, prolonged

kneeling/squatting, and working without supporting body

weight were the statistically significant physical risk fac-

tors for the low back symptoms. The symptoms in the

hips were related to pushing/pulling heavy loads >20 kg

and prolonged working in kneeling/squatting posture. The

symptoms in the knees and ankles/feet were primarily as-

sociated with prolonged working postures with an excep-

tion that prolonged sitting had a reversed risk estimate

TABLE IV. Results ofAdjusted Odds Ratios (95%CI) of Risk Factors for1-Year Cumulative Prevalence of Shoulder
Symptoms (N ¼ 5,338)

Risk factors Men (N ¼ 3,632) Women (N ¼ 1,706)

Personal factors
Age
�24 1 1
31̂ 40 1.33(1.13^1.57)� 1.75(1.36^2.25)�
�41 1.55(1.28^1.88)� 2.03(1.54^2.68)�

Educational level
Elementaryor juniorhighschool � 1
Highschool � 1.76(1.35^2.28)�
Collegeoruniversity � 1.95(1.43^2.67)�

Negativeaffectivity (reference:Lowscore) 1.20(1.02^1.42)�� �
Positiveaffectivity (reference:Highscore) � 1.34(1.07^1.67)�
Depressivesymptoms 1.20(1.07^1.50)� 1.24(1.00^1.54)��

Physical jobcharacteristics
Prolongedsitting 1.40(1.17^1.67)� 1.43(1.13^1.79)�
Workingwithhandsaboveshoulders � 1.59(1.22^2.02)�
Workingwithhands in awkwardposture 1.29(1.10^1.51)� �
Prolongedneckbending forward 1.64(1.39^1.92)� 1.87(1.48^2.36)�
Prolongedneck twisting 1.78(1.51̂ 2.11)� 1.59(1.25^2.02)�

Psychosocial factors
Jobdemands 1.21(1.03^1.43)�� 1.37(1.08^1.75)��
Effort 1.44(1.23^1.70)� 1.35(1.06^1.72)��
Reward 1.26(1.07^1.49)� �
Over-commitment � 1.42(1.13^1.77)�

�:No significance�P < 0.01.��P < 0.05.
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(ORs < 1) for the symptoms. Perceived physical demands

measured by the JCQ showed a range of statistically sig-

nificant ORs from 1 to 2.

Many psychosocial factors including psychological

demands, low job control, effort, reward, over-commit-

ment, and job dissatisfaction were found to be statistically

significantly associated with the musculoskeletal symp-

toms in different body regions with moderate ORs

between 1 and 2.

DISCUSSION

Prevalence of Musculoskeletal
Symptoms

The highest prevalence of musculoskeletal symptoms

among all the body regions was the low back (59.7%),

followed by the neck (48.6%), shoulders (38.8%), wrists

(33.5%), ankles/feet (27.0%), knees (25.5%), hips

(15.6%), and elbows (15.2%). Jin et al. [2004] reported

the overall self-reported annual prevalence of low back

pain among workers from three Shanghai factories in

China was about 50%. Chen et al. [2005] reported that

among 561 sampled Chinese offshore oil installation

workers, the highest prevalence of musculoskeletal pain

over the previous 12 months was in the low back (32.4%),

followed by the neck (25%), knees (20.1%), shoulders

(20%) and other body regions (8.4–13.7%). The large dis-

crepancies in the prevalence of the work-related musculo-

skeletal symptoms between Chen’s and the present studies

were likely due to different occupations surveyed and

some healthy worker effects of the oil installation workers

[Chen et al., 2005].

Results of the present study on prevalence of muscu-

loskeletal symptoms were similar to the findings in tele-

communication workers in the European Union [Crawford

et al., 2008]. In the British population, the prevalence of

occupational neck pain in various occupations ranged

from 29 to 38% with the highest rate for male construc-

tion workers [Palmer et al., 2001]. A study with a large

sample size of over 1,500 workers from a bi-annual US

national survey database revealed that the prevalence of

reported musculoskeletal pain in low back and arms was

both about 28% [Waters et al., 2007]. The prevalence of

the musculoskeletal symptoms in the present study, how-

ever, was greater than the two aforementioned population-

based studies. Possible contributing factors of the differ-

ences may include magnitudes of the exposure to the risk

factors for musculoskeletal symptoms as well as surveil-

lance measures and techniques used in the studies, such as

TABLE V. Results ofAdjusted Odds Ratios (95% CI) of Risk Factors for1-Year Cumulative Prevalence ofWrist
Symptoms (N ¼ 5,338)

Risk factors Men (N ¼ 3632) Women (N ¼ 1706)

Personal factors
Job title
Workers 1 �
Managers 1.88(1.45^2.44)� �

BMI
Normal � 1
Overweight � 1.39(1.04^1.84)��

Depressivesymptoms 1.40(1.19^1.63)� 1.51(1.21̂ 1.88)�
Physical jobcharacteristics
Prolongedwristbending 1.51(1.27^1.80)� �
Prolongedwrist twisting 1.46(1.22^1.73)� 2.88(2.29^3.62)�
Exertinggreat forceswith armsorhands 1.22(1.03^1.43)�� �
Holdingthings in apinchgrip � 1.39(1.09^1.76)�
Repetitivemovements ofhands 1.30(1.09^1.55)� 1.47(1.11̂ 1.93)�
Usingvibratingtools 1.22(1.04^1.44)�� 1.48(1.13^1.94)�

Psychosocial factors
Jobcontrol � 1.45(1.16^1.81)�
Effort 1.45(1.24^1.69)� 1.46(1.16^1.85)�
Over-commitment � 1.36(1.08^1.71)�
Jobdissatisfaction 1.42(1.21̂ 1.67)� �

�:No significance.�P < 0.01.��P < 0.05.
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case definition (symptoms lasting more than 1 vs. 7 days),

timing of survey in relation to progression of pain symp-

tom, study design, and sampling bias.

Risk Factors Associated with
Musculoskeletal Symptoms

Many studies showed age as a risk factor for neck

and shoulder symptoms [Hagen et al., 1998; Gerr et al.,

2002; Cassou et al., 2002; Leroux et al., 2005; Leroyer

et al., 2006; Lindfors et al., 2006; Andersen et al., 2008;

Tornqvist et al., 2009], for low back symptoms [Hagen

et al., 1998; Leroux et al., 2005], and for symptoms in the

ankles/feet [Messing et al., 2008], but some studies indi-

cated that age was not a risk factor for neck or shoulder

symptoms [Croft et al., 2001; Leroux et al., 2006], for

hand or wrist symptoms [Gerr et al., 2002; Ortiz-Hernán-

dez et al., 2003; Lassen et al., 2004; Leroux et al., 2005],

and for low back symptoms [Ortiz-Hernández et al., 2003;

Ijzelenberg et al., 2004; Waters et al., 2007]. One possible

explanation for the mixed results in the literature is that

age may have an underlying effect on biomechanical or

psychosocial risk factors, which might be difficult to

control for in the analysis models [NIOSH, 1997]. The

age factor was also likely to be influenced by the study

population in China, where most blue collar or production

workers retired before age 50. The competitive labor mar-

ket (i.e., ample supply of young workers) in China often

forced older workers to retire early to avoid health costs

to employers. This cultural factor limited the researchers

from analyzing the age factor greater than 50 years, lead-

ing to a difficulty in understanding the effects of the full

range of age on the development of musculoskeletal prob-

lems in the Chinese working population.

The effect of gender on musculoskeletal symptoms in

the present study is consistent with many published stud-

ies [Skov et al., 1996; Croft et al., 2001; Gerr et al., 2002;

Karlqvist et al., 2002; Lundberg, 2002; Jensen 2003;

Kryger et al., 2003; Hooftman et al., 2004; Juul-

Kristensen et al., 2004; Leroux et al., 2005; Leroyer et al.,

2006; Andersen et al., 2008; Tornqvist et al., 2009]. It has

been suggested that the gender difference in reporting

musculoskeletal pain may be caused by biological

differences in load–tolerance relationship, differences in

work methods resulting in different risk exposure levels,

thresholds for pain perception and job assignments [Jager

TABLE VI. Results ofAdjusted Odds Ratios (95% CI) of Risk Factors for1-Year Cumulative Prevalence of Elbow
and LowBack Symptoms (N ¼ 5,338)

Risk factors Elbows Lowback

Personal factors
Age
�24 1 1
31̂ 40 � 2.07(1.64^2.61)�
�41 1.88(1.58^2.23)� 1.96(1.50^2.56)�

Jobtitle
Worker 1 �
Manager 1.80(1.36^2.38)� �

Negativeaffectivity (reference:Lowscore) 1.24(1.04^1.47)�� 1.25(1.01̂ 1.56)��
Depressivesymptoms 1.48(1.24^1.76)� 1.38(1.11̂ 1.72)�

Physical jobcharacteristics
Usingvibratingtools 1.29(1.09^1.52)� �
Exertinggreat forceswith armsorhands 1.37(1.14^1.64)� 1.33(1.03^1.73)��
Lifting in awkwardposture � 1.37(1.09^1.72)�
Carryingvery heavy loads>20 kg � 1.32(1.05^1.65)��
Trunk twisting � 1.32(1.06^1.65)��
Prolongedkneeling/squatting � 1.39(1.10^1.74)�
Workingwithoutsupport forbodyweight � 1.33(1.07^1.65)��
Physical demands 1.42(1.19^1.70)� 1.35(1.08^1.68)�

Psychosocial factors
Effort 1.48(1.25^1.77)� �
Jobdissatisfaction 1.39(1.16^1.65)� 1.39(1.11̂ 1.73)�

�:No significance.�P < 0.01.��P < 0.05.
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et al., 1991; Lundberg, 2002; Hallin, 2003; Norman et al.,

2008; Tornqvist et al., 2009].

Our study findings suggest that both male and female

workers with higher education levels, most likely manage-

rial or office workers, are at higher risk of reporting neck

symptoms. Female workers with higher education levels

are at risk of reporting additional shoulder symptoms. The

findings are not in agreement with some studies [Ortiz-

Hernández et al., 2003; Tornqvist et al., 2009], in which

no correlation of educational level with any MSDs was

found. Information about detailed type of work (such as

use of computer) in relation to education level may help

elucidate the potential confounding effect.

Some researchers have found a similar positive asso-

ciation between smoking and musculoskeletal symptoms

[Brage and Bjerkedal, 1996; da Costa and Vieira, 2010].

Most studies linking smoking to MSDs focused on low

back disorders in clinical settings. It is suggested that the

causal mechanism of smoking for some forms of MSDs is

associated with the interference with nutrition delivery to

the spinal structures [Battie et al., 1991]. However, sup-

porting evidence on the association of smoking and MSDs

in the epidemiologic literature is very limited. The present

study adds limited evidence to the effects of smoking on

neck symptoms.

The link between high BMI and musculoskeletal

symptoms is suggested in many studies [Coggon et al.,

2000; Roquelaure et al., 2001; Nathan et al., 2002; Leroux

et al., 2005; Werner et al., 2005; Anderson et al., 2007].

Our findings provide new evidence to support the link but

primarily between BMI and musculoskeletal symptoms in

the lower extremities.

Depression was the only assessed factor found to be

statistically significantly associated with the musculoskele-

tal symptoms in all body regions in both genders. There is

no clear empirical evidence in the literature showing

the causal mechanism of depression in relation to

musculoskeletal symptoms. Depressive symptoms were

TABLE VII. Results ofAdjusted Odds Ratios (95% CI) of Risk Factors for1-Year Cumulative Prevalence of
Musculoskeletal Symptoms in the Hips,Knees, and Ankles/Feet (N ¼ 5,338)

Risk factors Hips Knees Ankles/feet

Personal factors
Age
�24 1 1 �
31̂ 40 1.50(1.26^1.79)� 1.52(1.31̂ 1.77)� �
�41 1.67(1.36^2.04)� 2.34(1.97^2.77)� �

Educational level
Elementaryor junior highschool � � 1
Highschool � � 1.23(1.07^1.40)�

BMI
Normal � 1 1
Overweight � 1.32(1.14^1.52)� �
Obesity � 1.53(1.15^2.03)� 1.35(1.02^1.79)��

Negativeaffectivity (reference:Lowscore) 1.41(1.19^1.67)� 1.44(1.25^1.67)� 1.37(1.19^1.58)�
Depressivesymptoms 1.54(1.30^1.83)� 1.26(1.09^1.46)� 1.30(1.12^1.49)�

Physical jobcharacteristics
Workshift � � 1.26(1.10^1.44)�
Pushing/pullingheavy loads>20 kg 1.29(1.10^1.51)� � �
Prolongedkneeling/squatting 1.61(1.24^2.09)� 1.39(1.18^1.64)� 1.28(1.09^1.51)�
Prolongedstanding � 1.26(1.07^1.48)� 1.53(1.29^1.81)�
Prolongedsitting � 0.82(0.70^0.97)�� 0.77(0.65^0.91)�
Prolongedwalking � � 1.23(1.06^1.43)�
Physical demands 1.48(1.25^1.76)� 1.27(1.10^1.47)� 1.31(1.14^1.51)�

Psychosocial factors
Effort 1.42(1.20^1.68)� 1.26(1.09^1.47)� 1.27(1.10^1.46)�
Jobcontrol 1.24(1.06^1.45)� � �
Jobdissatisfaction � 1.19(1.04^1.38)�� 1.42(1.24^1.64)�

�:No significance.�P < 0.01.��P < 0.05.
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summarized to have a positive association with MSDs in a

review study [Bongers et al., 2006]. It is plausible that

depressive symptoms may have underlying mechanisms to

influence musculoskeletal pain either through the route to

reporting pain or the route to biomechanical or physical

strain [Sauter and Swanson, 1996]. However, it is equally

plausible that depressive symptoms could be influenced by

the musculoskeletal symptoms, not the reverse. If this

reciprocal effect is true, the impact of MSDs may have

implications for co-morbidity, causing amplified effects of

the existing MSD problem.

Literature about affectivity primarily focuses on psy-

chiatric disorders such as anxiety and depressive disorders

[Watson and Pennebaker, 1989]. Negative affectivity in re-

lation to musculoskeletal pain was examined in a limited

number of studies [Bergqvist et al., 1995; Joksimovic

et al., 2002; Lassen et al., 2004]. We found that increased

negative affectivity was associated with musculoskeletal

symptoms in all body regions except the neck and should-

ers in women and wrists in both genders, indicating that

our findings are in agreement with most previous studies

[Bergqvist et al., 1995; Joksimovic et al., 2002]. To our

knowledge, the present study was the first attempt to

examine the association between positive affectivity and

musculoskeletal symptoms in multiple body regions. Our

findings revealed a significant association between de-

creased positive affectivity and musculoskeletal symptoms

in the neck and shoulders. Although the two affect dimen-

sions are independent of each other [Harding, 1982], an

association between musculoskeletal symptoms and

decreased positive affectivity (or increased negative affec-

tivity) was found. The finding may be linked to a tendency

of reporting symptoms [Watson and Pennebaker, 1989]

or the decreased threshold at which pain is perceived

[Gheldof et al., 2006]. The two effect scores may also be

influenced by some work-related psychosocial factors

[Sauter and Swanson, 1996]. Our finding suggests that

more research be conducted to explore the associations.

Generally, prolonged awkward postures, lifting, push-

ing/pulling and carrying heavy loads (>20 kg), exerting

excessive forces with arms and hands were significant risk

estimates for musculoskeletal symptoms in multiple body

regions. The study findings are in agreement with several

critical review studies on the physical risk factors for

WMSDs [NIOSH, 1997; Hoogendoorn et al., 2001; NAS,

2001; da Costa and Vieira, 2010]. It should be pointed out

that the lower ORs (range of 1–3) of the physical risk

factors found in the present study were likely to be influ-

enced by the sensitivity of the questionnaire method, as

compared to robust risk quantifications using biomechani-

cal models [Marras et al., 2010].

Few researchers have looked at the impact of dimen-

sions of job demand-control and the ERI models on the

prevalence of various types of musculoskeletal symptoms

simultaneously. Adjusted for a variety of individual and

physical job factors, none of the psychosocial factors

showed a consistent correlation with all the musculoskele-

tal symptoms. This finding may lead to a hypothesis that

intensity or type (chronic vs. acute) of self-reported

musculoskeletal pain in different body regions may have a

potential effect on the strength of the psychosocial factors

in association with the reported pain.

The role that job dissatisfaction plays in the develop-

ment of MSDs is still unclear. Similar to the above-men-

tioned psychosocial factors, job dissatisfaction was

associated with the musculoskeletal symptoms in some

but not all body regions. The direction of the findings

about job dissatisfaction in the present study is in line

with the majority of the published studies: The higher lev-

el of job dissatisfaction, the higher the OR for musculo-

skeletal symptoms [da Costa and Vieira, 2010]. The ORs

(¼1.19–1.42) of job dissatisfaction for musculoskeletal

symptoms found in the present study, however, were

smaller than those (OR ¼ 1.89–7.65) found in other

studies [Bigos et al., 1991; Marras et al., 1995; Waters

et al., 2011]. It is difficult to compare the strength of

job dissatisfaction in relation to the musculoskeletal pain

because there are seven main types of survey instruments

for job satisfaction used in the literature [van Saane

et al., 2003]. The effects of job dissatisfaction on muscu-

loskeletal symptoms cannot be clearly identified until the

survey instruments and data comparison methodologies

are unified.

Limitations

The study is subject to the limitations associated with

a cross-sectional study design, such as limited causal

inferences and healthy worker effects, etc. Potential recall

biases due to self-report health survey for the previous

year might exist. Non-work-related variables were not

measured and taken into account in our data analysis.

Self-reported physical risk exposure measures might not

be as accurate as objective measures, such as video task/

posture analyses, force measurements, and biomechanical

modeling, which, however, are typically involved in labor-

intensive and costly data collection. Nevertheless, the lim-

itations are typical in epidemiological studies for work-

related musculoskeletal symptoms using a questionnaire

method and should not void our study findings for a pre-

liminary investigation of the musculoskeletal health prob-

lem in many industrial settings in China.

CONCLUSIONS

The study provides comprehensive information about

the current musculoskeletal health conditions of workers

in many industrial settings in Henan province, China.
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Multiple risk areas including individual, physical job

demands, and work-related psychosocial factors were

found to be associated with musculoskeletal symptoms in

different body regions. It is suggested that interventions

aimed at reducing prevalence of musculoskeletal symp-

toms in Chinese workers take into account these different

risk areas.
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